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CONTROLLER FOR VEHICLE
CONTINUOUSLY VARIABLE
TRANSMISSION

FIELD OF THE INVENTION

The present invention relates to a controller for a vehicle
continuously variable transmission that controls o1l pressure
in an o1l pressure chamber arranged in each pulley of the
vehicle continuously variable transmission.

BACKGROUND

A belt-type continuously variable transmission 1s known as
a variable transmission installed 1n an automobile or the like.
The belt-type continuously variable transmission includes a
primary pulley, to which drive force of the internal combus-

tion engine 1s transmitted, a secondary pulley, which 1s
coupled to the wheels, and a belt, which runs around the
pulleys. The running radius of the belt differs for each pulley
so that the gear ratio varies continuously and steplessly.

Such a belt-type continuously variable transmission
increases and decreases the o1l pressure of the o1l pressure
chamber 1n each pulley to vary the width of a groove extend-
ing along the pulley. This varies the running radius of the belt
on the pulley and controls the gear ratio.

For example, to decrease the gear ratio, transmission con-
trol o1l pressure, which 1s the o1l pressure of the o1l pressure
chamber arranged 1n the primary pulley, 1s increased to nar-
row the groove width of the primary pulley. This increases the
running radius of the belt on the primary pulley. At the same
time, narrowing control o1l pressure, which 1s the o1l pressure
of the o1l pressure chamber arranged 1n the secondary pulley,
1s decreased to widen the groove width of the secondary
pulley. This decreases the running radius of the belt on the
secondary pulley. Consequently, the gear ratio 1s varied while
suppressing slipping of the belt on the pulleys.

To increase the gear ratio, the transmission control oil
pressure 1s decreased to widen the groove width of the pri-
mary pulley and decrease the running radius of the belt on the
primary pulley. Further, the narrowing control o1l pressure 1s
increased to narrow the groove width of the secondary pulley
and 1ncrease the running radius of the belt on the secondary
pulley.

A controller that controls such a belt-type vehicle continu-
ously variable transmission sets a target gear ratio 1n accor-
dance with the depression amount of the accelerator pedal,
the vehicle speed, the engine speed, and the like. The control-
ler feedforward controls the transmission control o1l pressure
based on the target gear ratio and the narrowing control oil
pressure. During the feedforward control, the controller also
calculates the actual gear ratio based on the rotation speed of
the primary pulley and the rotation speed of the secondary
pulley to feedback control the transmission control o1l pres-
sure based on the deviation of the calculated actual gear ratio
and the target gear ratio.

When an electromagnetic pickup rotation speed sensor 1s
used as a rotation speed sensor that detects the rotation speed
of each pulley and the rotation speed 1s low, due to the sensor
characteristics, the detection accuracy may become low or the
rotation speed may not be detected. Thus, when the vehicle
speed 1s 1n an extremely low vehicle speed range, such as
when the vehicle 1s about to stop, the rotation speed of the
secondary pulley may not be accurately detected and accurate
teedback control may be hindered. As a result, the controller
would not be able to have the gear ratio conform to the target
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gear ratio, and the gear ratio would not be accurately con-
trolled. This may result 1n 1nstable transmission control.

Patent document 1 and patent document 2 each describe a
controller for a vehicle continuously variable transmission
that releases operational o1l from the primary pulley to lower
the transmission control o1l pressure when determined that
the vehicle speed 1s less than a reference speed and within an
extremely low vehicle speed range, 1n which a rotation speed
sensor cannot accurately detect the rotation speed of the sec-
ondary pulley. Such a structure widens the primary pulley
with the tension of the belt so that the groove width of the
primary pulley, which has a variable range, i1s held to be
maximal. Thus, the gear ratio may be held at the maximum
gear rat1o even in a situation in which feedback control cannot
be executed.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese Laid-Open Patent Publication
No. 2005-172011

Patent Document 2: Japanese Laid-Open Patent Publication
No. 2008-75736

SUMMARY OF THE INVENTION

The structure that releases operational o1l from the primary
pulley when the vehicle speed 1s less than the reference
vehicle speed to hold the gear ratio at the maximum gear ratio
has the next shortcomings. After releasing operational o1l
from the primary pulley, when the vehicle speed becomes
greater than or equal to the reference vehicle speed, the vary-
ing of the gear ratio 1s restarted by normal transmaission con-
trol. In this state, operational o1l has been released from the
primary pulley. Thus, the groove width of the primary pulley
cannot be readily decreased. As a result, the belt slips on the
pulleys when the varying of the gear ratio i1s restarted by
normal transmission control. This hinders quick restarting of
the varying of the gear ratio even when the rotation speed
sensor starts to accurately detect the rotation speed of the
primary pulley and secondary pulley.

To achieve the above object, one aspect of the present
invention provides a controller for a vehicle continuously
variable transmission. The vehicle continuously variable
transmission includes a primary pulley, a secondary pulley, a
belt, and a rotation speed sensor, which detects a rotation
speed of each of the pulleys. The primary pulley recerves
drive force from an internal combustion engine. The second-
ary pulley 1s coupled to a wheel. The belt runs around the
pulleys. The belt transmits the drive force from the primary
pulley to the secondary pulley. The controller executes trans-
mission control to vary a gear ratio by varying a transmission
control o1l pressure, which 1s an o1l pressure of a first o1l
pressure chamber arranged 1n the primary pulley, and a nar-
rowing control o1l pressure, which 1s an o1l pressure of a
second o1l pressure chamber arranged 1n the secondary pul-
ley, while calculating an actual gear ratio based on the rotation
speed of each pulley and executing feedback control so that
the actual gear ratio conforms to a target gear ratio. The
controller, when the target gear ratio 1s set as a maximum gear
ratio and a vehicle speed 1s decreased to less than a first
reference vehicle speed, suspends varying of the gear ratio by
the transmission control and starts a gear ratio hold control
that releases operational o1l from the first o1l pressure cham-
ber and holds the gear ratio at the maximum gear ratio. The
controller ends the gear ratio hold control and delivers opera-
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tional o1l to the first o1l pressure chamber when the vehicle
speed increases to a second reference vehicle speed or greater,
which 1s lower than the first reference vehicle speed, and
restarts the varying of the gear ratio by the transmission
control when the vehicle speed subsequently increases to the
first reference speed or greater.

It 15 an object of the present invention to provide a vehicle
continuously variable transmission that holds the gear ratio at
the maximum gear ratio by releasing operational o1l from a
primary pulley when 1n an extremely low vehicle speed range,
while also readily restarting the varying of the gear ratio when
the vehicle speed increases and the rotation speed sensor
begins to accurately detect the rotation speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing the structure of a
vehicle continuously variable transmission according to one
embodiment of the present invention;

FIG. 2 1s a flowchart showing a processing tflow for deter-
mimng whether or not to shift transmission control to gear
rat10 hold control 1n the vehicle continuously variable trans-

mission of FIG. 1;

FI1G. 3 1s a flowchart showing the tlow of a processing tlow
of the gear ratio hold control;

FI1G. 4 1s a time chart showing the relationship of variations
in the vehicle speed when decelerating and stopping the
vehicle 1n a normal manner with respect to variations 1n the
transmission control o1l pressure and the gear ratio; and

FI1G. 5 1s a time chart showing the relationship of variations
in the vehicle speed when suddenly decelerating and stopping
the vehicle with respect to variations 1n the transmission
control o1l pressure and the gear ratio.

DETAILED DESCRIPTION OF THE INVENTION

A vehicle continuously variable transmission according
the present invention and embodied in an electronic controller
that centrally controls a vehicle will now be described with
reference to FIGS. 1 to 5.

FIG. 1 1s a schematic diagram showing the structure of a
continuously variable transmission 100 of the present
embodiment and the relation between the continuously vari-
able transmission 100 and an electronic controller 300, which
controls the continuously variable transmission 100. As
shown 1n FIG. 1, the continuously variable transmission 100
of the present embodiment includes a torque converter 110
with an output shait connected to an input shait of an forward-
reverse switching mechanism 120.

The forward-reverse switching mechanism 120, which 1s a
double pinion type planetary gearing mechanism, includes a
torward clutch 121 and a reverse brake 122. When the for-
ward clutch 121 1s in an engaged state and the reverse brake
122 1s 1 a disengaged state, the drive force of an internal
combustion engine input through the torque converter 110 1s
directly transmitted to a primary pulley 130. The primary
pulley 130 is rotated 1n the same direction as the rotation
direction of a crankshaft, which 1s an output shait of the
internal combustion engine. This moves the vehicle forward.
In contrast, when the forward clutch 121 is in a disengaged
state and the reverse brake 122 1s in an engaged state, the drive
force of the internal combustion engine input through the
torque converter 110 1s reversed and transmitted to the pri-
mary pulley 130. The primary pulley 130 1s rotated 1n the
direction opposite to the rotation direction of a crankshaft.

This moves the vehicle 1n reverse.
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The forward-reverse switching mechamism 120 may cause
the forward clutch 121 and the reverse brake 122 to both be in
a disengaged state. This cuts the transmission of drive force
between the internal combustion engine and the primary pul-
ley 130 and produces a neutral state.

The forward-reverse switching mechanism 120 includes

an output shait connected to the primary pulley 130. A belt
140, which 1s shown at the middle of FIG. 1, links the primary
pulley 130 to a secondary pulley 150.

As shown by broken lines 1n FIG. 1, an o1l pressure cham-
ber 131 (first o1l pressure chamber) 1s arranged 1n the primary
pulley 130. The o1l pressure 1n the o1l pressure chamber 131
(transmission control o1l pressure Pin) of the primary pulley
130 1s increased and decreased to vary the groove width of the
primary pulley 130.

More specifically, when operational o1l 1s drawn into the o1l
chamber 131 and the o1l pressure of the o1l pressure chamber
131 1s 1increased, the o1l pressure acts to decrease the groove
width of the primary pulley 131. In contrast, when operational
o1l 1s released from the o1l chamber 131 to decrease the o1l
pressure ol the o1l pressure chamber 131, the groove width of
the primary pulley 130 1s increased.

As shown by broken lines 1n FIG. 1, an o1l pressure cham-
ber 151 (second o1l pressure chamber) 1s arranged 1n the
secondary pulley 150, which 1s linked by the belt 140 to the
primary pulley 130. In the same manner as the primary pulley
130, the secondary pulley 150 also increases and decreases
the o1l pressure of the o1l pressure chamber 151 (narrowing
control o1l pressure Pout) to change the groove width of the
secondary pulley 150.

As shown at the lower right side of F1G. 1, areduction gear
160 couples the secondary pulley 150 to a differential 170.
Rotation force 1s transmitted from the secondary pulley 150 to
the reduction gear 160. The drive force transmitted to the
reduction gear 160 1s further transmitted by the differential
170 to the left and rnight drive wheels.

In the continuously variable transmission 100 of the
present embodiment, as shown in FIG. 1, an o1l pressure
control unit 200 controls the transmission control o1l pressure
Pin, which 1s the o1l pressure of the o1l chamber 131, to vary
the running radius of the belt 140 on the primary pulley 130.
Further, the o1l pressure control unit 200 controls the narrow-
ing control o1l pressure Pout, which 1s the o1l pressure of the
o1l chamber 151, to vary the running diameter of the belt 140
on the secondary pulley 150. This adjusts the tension of the
belt 140 and varies a gear ratio vy continuously and steplessly,
while suppressing slipping of the belt 140 on the primary
pulley 130 and secondary pulley 150.

The o1l control unit 200, which includes a plurality of
solenoid valves driven by commands from the electronic
controller 300, 1s an o1l pressure circuit that supplies the oil
pressure chambers 131 and 151 with operational o1l dis-
charged from an o1l pump. The o1l control unit 200 adjusts the
flow rate of the operational o1l supplied to the o1l pressure
chambers 131 and 151 based on commands output from the
electronic controller 300. Further, the o1l control unit 200
adjusts the tlow rate of the operational o1l discharged from the
hydraulic pressure chambers 131 and 151.

The electronic controller 300 includes a central processing
unit (CPU), which performs various computations related to
engine control and transmission control executed by the o1l
control unit 200, a read only memory (ROM), which stores
computation programs and computation maps for the com-
putations and various data, and a random access memory
(RAM), which temporarily stores the computation results and

the like.
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As shown 1n FIG. 1, the electronic controller 300 includes
an accelerator position sensor 301, an airflow meter 302, a
crank angle sensor 303, a turbine rotation speed sensor 304, a
primary pulley rotation speed sensor 305, a secondary pulley
rotation speed sensor 306, and wheel speed sensors 307.

The accelerator position sensor 301 detects the amount of
the accelerator pedal depressed by the driver. The airtlow
meter 302 detects an intake air amount GA drawn into the
internal combustion engine and an intake air temperature
THA. The crank angle sensor 303 detects an engine speed NE
based on a rotation speed of the crankshaft, which 1s an output
shaft of the internal combustion engine. The turbine rotation
speed sensor 304 1s arranged near the forward-reverse switch-
ing mechanism 120 to detect a rotation speed N'T of a turbine
in the torque converter 110. The primary pulley rotation speed
sensor 303 1s arranged near the primary pulley 130 to detect a
rotation speed Nin of the primary pulley 130. The secondary
pulley rotation speed sensor 306 1s arranged near the second-
ary pulley 150 to detect a rotation speed Nout of the second-
ary pulley 150. The wheel speed sensors 307 are arranged
near the wheels to detect rotations speeds Ntl1, Nt2, Nt3, and
Nt4 of the corresponding wheels.

The electronic controller 300 centrally controls the internal
combustion engine and the continuously variable transmis-
sion 100 based on the output signals from the various sensors
301 to 307. For example, the electronic controller 300 calcu-
lates a vehicle speed SPD based on the rotation speed Nout of
the secondary pulley 150 detected by the secondary rotation
speed sensor 306. Further, the electronic controller 300 cal-
culates a required torque based on the present vehicle speed
SPD and the depression amount of the accelerator pedal
detected by the accelerator position sensor 301. The elec-
tronic control unit 300 adjusts an open amount of a throttle
valve for the internal combustion engine and controls the
intake air amount GA to realize the required torque. Further,
the electronic control unit 300 calculates a target gear ratio
virg to control the transmission control o1l pressure Pin and
the narrowing control o1l pressure Pout so that the gear ratio
v conforms to the target gear ratio yirg.

In the transmission control, the electronic controller 300
teedforward controls the transmission control o1l pressure Pin
based on the calculated target gear ratio ytrg and the present
narrowing control o1l pressure Pout. At the same time, the
clectronic controller 300 calculates the actual gear ratio v
based on the rotation speed Nin of the primary pulley 130 and
the rotation speed Nout of the secondary pulley 150. Then, the
electronic controller 300 feedback controls the transmission
control o1l pressure Pin so that the calculated gear ratio v
conforms to the target gear ratio vtrg. In this manner, the
clectronic controller 300 controls the transmission control o1l
pressure Pin. Further, the electronic controller 300 varies the
narrowing control o1l pressure Pout to suppress slipping of the
belt 140 on the pulleys 130 and 150 and varies the gear ratio

Y

When the rotations speeds Nin, Nout of the pulleys 130 and
150 are extremely low, due to the characteristics of the rota-
tion speed sensors 305 and 306, the detection accuracy of the
rotation speeds Nin and Nout may become low or otherwise
not be detected at all.

Thus, for example, when 1n an extremely low vehicle speed
range, in which the vehicle speed SPD 1s extremely low such
as when the vehicle 1s about to stop, the rotation speed Nout
of the secondary pulley 150 becomes extremely low, and the
rotation speed Nout cannot be accurately detected. As a
result, the electronic controller 300 would not be able to
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6

accurately calculate the present gear ratio v. This would
hinder accurate feedback control and may destabilize trans-
mission control.

Hence, when the vehicle speed SPD 1s less than the refer-
ence vehicle speed and it 1s thereby determined that the
vehicle speed SPD 1s 1in the extremely low vehicle speed
range, in which the rotation speed Nout of the secondary
pulley 150 cannot be accurately detected, a gear ratio hold
control may be executed to decrease the transmission control
o1l pressure Pin by releasing operational o1l from the o1l
pressure chamber 131 of the primary pulley 130.

The employment of a structure that executes the gear ratio
hold control widens the primary pulley 130 with the tension
of the belt 140 so that the groove width of the primary pulley
130, which has a variable range, 1s held to be maximal. Thus,
the gear ratio v 1s held at a maximum gear ratio ymax even in
a situation 1n which feedback control cannot be executed.

However, the structure that releases operational o1l from
the primary pulley 130 when the vehicle speed SPD 1is less
than the reference vehicle speed to hold the gear ratio v at the
maximum gear ratio ymax has the following shortcomings.
After releasing operational o1l from the primary pulley 130,
when the vehicle speed SPD becomes greater than or equal to
the reference vehicle speed, the varying of the gear ratio vy 1s
restarted by normal transmission control. In this state, opera-
tional o1l has been released from the primary pulley 130.
Thus, the groove width of the primary pulley 130 cannot be
readily decreased.

As a result, the belt 140 slips on the pulleys 130 and 150
when the varying of the gear ratio v 1s restarted by normal
transmission control. This hinders quick restarting of the
varying of the gear ratio y even when the rotation speed sensor
306 starts to accurately detect the rotation speed Nout of the
secondary pulley 150 with the secondary pulley rotation sen-
sor 306.

Hence, 1 the electronic controller 300 of the present
embodiment, operational o1l 1s released from the o1l pressure
chamber 131 when 1n the extremely low vehicle speed range.
Further, gear ratio hold control 1s executed to change opera-
tional o1l into the o1l pressure chamber before normal trans-
mission control 1s restarted.

The gear ratio hold control will now be discussed with
reference to FIGS. 2 and 3. FIG. 2 1s a flowchart showing the
flow of a shifting determination process for determining
whether or not to shift the transmission control from normal
transmission control, which includes the above-described
teedforward control and feedback control of the transmission
control o1l pressure Pin, to gear ratio hold control. The elec-
tronic controller 300 repeats the shifting determination pro-
cess 1n a predetermined control cycle when normal transmis-
s1on control 1s being executed.

When the shifting determination process starts, as shown in
FIG. 2, 1n step S100, the electronic controller 300 determines
whether or not the target gear ratio yirg 1s set as the maximum
gear ratio ymax.

When 1t 1s determined 1n step S100 that the target gear ratio
virg 1s set as the maximum gear ratio ymax (YES 1n step
S5100), step S1101s performed to determine whether of not the
vehicle speed SPD has decreased to less than a first reference
vehicle speed S1. More specifically, the vehicle speed SPD
calculated in the previous control cycle and the vehicle speed
SPD calculated 1n the present control cycle are compared to
determine whether or not the vehicle speed SPD 1s decreasing
and the decreasing vehicle speed SPD has passed by the first
reference vehicle speed S1 during a period between the pre-
vious control cycle and the present control cycle. When 1t 1s
determined that the vehicle speed SPD 1s decreasing and the
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decreasing vehicle speed SPD has passed by the first refer-
ence vehicle speed S1 during the period between the previous
control cycle and the present control cycle, 1t 1s determined
that the vehicle speed SPD has decreased to less than the first
reference vehicle speed S1.

The first reference vehicle speed S1 1s set based on a lower
limit value of the vehicle speed SPD that allows for the
secondary pulley rotation speed sensor 306 to accurately
detect the rotation speed Nout of the secondary pulley 150.

When it 1s determined in step S110 that the vehicle speed
SPD has decreased to less than the first reference vehicle

speed S1 (YES 1n step S110), step S200 15 performed to shift

the transmission control from the normal transmission con-
trol to the gear ratio hold control.

More specifically, the normal transmission control, which
includes the feedforward control and feedback control
described above, 1s suspended to shift the transmission con-
trol from the normal transmission control to the gear ratio
hold control.

When a negative determination 1s made 1n step S100 or step

S110 (NO 1 step S100 or NO 1n step S110), step S130 1s

performed to continue the normal transmission control.

The electronic controller 300 repetitively performs the
shifting determination process and shifts the transmission
control from the normal transmission control to the gear ratio
hold control when the target gear ratio vtrg 1s set as the
maximum gear ratio ymax and the vehicle speed SPD
decreases to less than the first reference vehicle speed S1.

The gear ratio hold control of the present embodiment will
now be discussed with reference to FIG. 3. FIG. 3 15 a flow-
chart showing the flow for processing the gear ratio hold
control of the present embodiment. The electronic controller

300 performs this process 1n a predetermined control cycle.

When the transmission control 1s switched from the normal
transmission control to the gear ratio hold control and the gear
rat1o hold control 1s started, as shown 1n FIG. 3, the electronic
controller 300 first determines 1n step S210 whether or not a
gear ratio hold control flag F 1s <07,

The gear ratio hold control flag F 1s a flag for determiming,
whether or not the transmission control has just shifted from

the normal transmission control to the gear ratio hold control
and whether or not operational o1l has been released from the
o1l pressure chamber 131. Further, the gear ratio hold control
flag F 1s stored 1n a memory of the electronic controller 300
during the gear ratio hold control. When the transmission
control has just shifted from the normal transmission control
to the gear ratio hold control and the gear ratio hold control 1s
executed for the first time, the gear ratio hold control tlag F 1s
set to “0”, which indicates that the gear ratio hold control was
not executed 1n the previous control cycle.

When 1t 1s determined in step S210 that the gear ratio hold
control flag F 1s “0” (YES 1n step S210), that 1s, when 1t 1s
determined that the shifting to the gear ratio control has just
been performed, step S220 1s performed to determine whether
or not the gear ratio v 1s equal to the maximum gear ratio
vmax.

More specifically, when the gear ratio v, calculated just
betore the transmission control 1s shifted from the normal
transmission control to the gear ratio hold control, 1s deviated
from the maximum gear ratio ymax, it 1s determined that the
gear ratio v 1s not equal to the maximum gear ratio ymax. In
contrast, when the gear ratio vy, calculated just before the
transmission control 1s shifted from the normal transmission
control to the gear ratio hold control, 1s close to the maximum
gear ratio ymax, 1t 1s presumed accordingly that the gear ratio
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v has reached the maximum gear ratio ymax and thereby
determined that the gear ratio vy 1s equal to the maximum gear
ratio ymax.

When 1t 1s determined 1n step S220 that the gear ratio v 1s
equal to the maximum gear ratio ymax (YES 1n step S220),
step S230 1s performed to release operational o1l from the o1l
pressure chamber 131 1n the primary pulley 130 so that the
transmission control o1l pressure Pin becomes “0”. Then, the
clectronic controller 300 proceeds to step S240 to set the gear
ratio hold control flag F to “1” and temporarily ends the
processing.

When 1t 1s determined 1n step S220 that the gear ratio v 1s
not equal to the maximum gear ratio ymax (NO 1n step S220),
step S235 1s performed.

Here, the transmission control o1l pressure Pin 1s decreased
to and held at a slipping limit o1l pressure Pslp. The slipping
limit o1l pressure Pslp 1s the minimum value of the transmis-
s10n control o1l pressure Pin at which slipping of the belt 140
does not occur 1n a state in which the gear ratio v 1s held.
Further, the slipping limit o1l pressure Pslp 1s calculated based
on the mput torque from the internal combustion engine,
which 1s presumed from the engine speed NE, the intake air
amount GA, the fuel injection amount, and the like, and the
narrowing control oil pressure Pout.

When the transmission control o1l pressure Pin 1s
decreased to the slipping limit o1l pressure Pslp 1n step S235,
the electronic controller 300 proceeds to step S245 to set the
gear ratio control flag F to “2” and then temporarily ends the
processing.

The gear ratio hold control 1s executed 1n this manner.
When the gear ratio hold control flag F 1s set to “1” or “27, 1t
1s determined 1n step S210 of the next control cycle that the
gear rat1o hold control tlag F 1s not “0”.

In step S210, when it 1s determined that the gear ratio hold
control flag F 1s not “0” (NO 1n step S210), step S250 is
performed to determine whether or not the vehicle speed SPD
has increased to a second reference vehicle speed S2.

More specifically, the vehicle speed SPD calculated 1n the
previous control cycle 1s compared with the vehicle speed
SPD calculated 1n the present control cycle to determine
whether or not the vehicle speed 1s increasing and whether the
increasing vehicle speed SPD has passed by the second ret-
erence vehicle speed S2 during a period between the previous
control cycle and the present control cycle. When it 1s deter-
mined that the vehicle speed SPD 1s increasing and the
increasing vehicle speed SPD has passed by the second ret-
erence vehicle speed S2 during the period between the pre-
vious control cycle and the present control cycle, it 1s deter-
mined that the vehicle speed SPD has increased to the second
reference vehicle speed S2 or greater.

The second reference vehicle speed S2 1s set as a value that
1s smaller than the first reference vehicle speed. The second
reference vehicle speed S2 need only be set as a value that
allows for determination that the rotation speed Nout of the
secondary pulley 150 1s increasing even when the rotation
speed Nout of the secondary pulley 150 cannot be accurately
detected.

When 1t 1s determined that the vehicle speed SPD has not
increased to the second reference vehicle speed S2 or greater
in step S250 (NO 1n step S250), step S220 1s performed as
shown 1n FIG. 3 to continue executing the gear ratio hold
control.

More specifically, when operational o1l 1s released from the
01l chamber 131 and the transmission control o1l pressure Pin
1s <07, the gearratio v 1s held at the maximum gear ratio ymax.
When the transmission control o1l pressure Pin 1s held at the
slipping limait o1l pressure Pslp, the transmission control o1l
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pressure Pin 1s continuously held at the slipping limit o1l
pressure Pslp to hold the present gear ratio v.

When it 1s determined in step S2350 that the vehicle speed
SPD has increased to the second reference vehicle speed S2 or
greater (YES 1n step S250), step S260 15 performed to deter-
mine whether or not the gear ratio hold control flag F 1s “17.

When 1t 1s determined 1n step S260 that the gear ratio
control flag F 15 “1” (YES 1n step S260), 1t 1s determined that
operation o1l has been released from the o1l pressure chamber
131 and step S270 1s performed. The transmission control o1l
pressure Pin 1s adjusted to a maximum gear ratio o1l pressure
P1, and operational o1l 1s delivered to the o1l pressure chamber
131 of the primary pulley 130. The maximum gear ratio o1l
pressure P1 1s a reference value of the transmission control o1l
pressure Pin when adjusting the gear ratio y to the maximum
gear ratio ymax under normal transmission control.

When the o1l pressure chamber 131 of the primary pulley
130 1s filled with operational o1l, step S280 is performed to
reset the gear ratio hold control flag F to “0”.

Then, step S290 15 performed to return the transmission
control from the gear ratio hold control to the normal trans-
mission control.

When 1t 1s determined in step S260 that the gear ratio hold
control flag F 1s not “1” (NO 1n step S260), that 1s, when 1t 1s
determined that the gear ratio hold control tlag F 1s set to “2”,
it 1s determined that the transmission control o1l pressure Pin
1s held at the slipping limit o1l pressure Pslp. Then, step S270
1s skipped, and step S280 1s performed.

Here, the gear ratio control flag F 1s reset to “0”. Then, step
5290 15 performed to return the transmission control from the
gear rat1o hold control to the normal transmission control.

The operation of the continuously variable transmission
100 when executing the gear ratio hold control will now be
discussed with reference to FIGS. 4 and 5. FIG. 4 15 a time
chart showing the relationship of vanations in the vehicle
speed when decelerating and stopping the vehicle in a normal
manner with respect to variations in the transmission control
o1l pressure and the gear ratio. FIG. 5 1s a time chart showing
the relationship of variations 1n the vehicle speed when sud-
denly decelerating and stopping the vehicle with respect to
variations in the transmission control o1l pressure and the gear
ratio.

At time t1, when the brake pedal 1s depressed, a decelera-
tion request 1s generated. As shown 1n FIG. 4, this lowers the
vehicle speed SPD, decreases the transmission control oil
pressure Pin, and increases the gear ratio v.

At time 12, when 1t 1s determined that the gear ratio v 1s the
maximum gear ratio ymax and that the vehicle speed SPD has
decreased to less than the first reference vehicle speed S1, the
transmission control 1s shifted from the normal transmission
control to the gear ratio hold control, operational o1l 1s
released from the o1l pressure chamber 131 of the primary
pulley 130, and the transmission control o1l pressure Pin
becomes “0”.

This widens the groove width of the primary pulley 130
with the tension of the belt 140, and the groove width of the
primary pulley 130 1s held to be maximal 1n 1ts variable range.
As a result, the gear ratio v 1s held at the maximum gear ratio
vmax as shown in FI1G. 4.

When the vehicle 1s stopped 1n this manner, the transmis-
s1on control o1l pressure Pin 1s held at “0”, and the gear ratio
v 1s held at the maximum gear ratio ymax. At time t3, the
vehicle starts to move. At time t4, when 1t 1s determined that
the vehicle speed SPD has increased to the second reference
vehicle speed S2 or greater, operational o1l 1s accordingly
drawn 1nto the o1l pressure chamber 131 of the primary pulley
130. Further, the transmission control o1l pressure Pin 1s
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increased to the maximum gear ratio o1l pressure P1. This fills
the o1l pressure chamber 131 with operational o1l, while hold-
ing the gear ratio vy at the maximum gear ratio ymax. When the
o1l pressure chamber 131 1s filled with operational o1l in such
a manner, the transmaission control shifts from the gear ratio
hold control to the normal transmission control.

As the vehicle speed SPD further increases, at time t5, the
vehicle speed SPD becomes greater than or equal to the first
reference vehicle speed S1. This restarts the varying of the
gear ratio v by the normal transmission control, increases the
transmission control o1l pressure Pin as the vehicle speed SPD
rises, and decreases the gear ratio v.

In contrast with the normal deceleration and stopping as
shown 1n FIG. 4, sudden deceleration and stopping such as
when the brake 1s suddenly applied as shown 1n FIG. 5 sud-
denly increases the target gear ratio ytrg as shown by the
broken line. Thus, the gear ratio v, which 1s shown by the solid
line, cannot follow the target gear ratio ytrg. Further, when the
vehicle speed SPD decreases to less than the first reference
vehicle speed S1 (time t12 1n FIG. §), the gear ratio v may be
deviated from the maximum gear ratio ymax.

In such a case, in the transmission control of the present
embodiment, when 1t 1s determined at time t12 that the
vehicle speed SPD has decreased to less than the first refer-
ence vehicle speed S1 at time t12 as shown 1n FIG. 5, normal
transmission control 1s suspended, and the transmission con-
trol shifts to the gear ratio hold control. This decreases the
transmission control o1l pressure Pin to the slipping limait o1l
pressure Pslp.

The gear ratio v 1s then continuously held. At time 113, the
vehicle starts to move. At time t14, when 1t 1s determined that
the vehicle speed SPD has increased to the second reference
vehicle speed S2 or greater, the transmission control 1s
accordingly shifted from the gear ratio hold control to the
normal transmission control.

As the vehicle speed SPD further increases, at time t15, the
vehicle speed SPD increases to the first reference vehicle
speed S1 or greater. This restarts the varying of the gear ratio
v by the normal transmission control, varies the transmission
control o1l pressure Pin as the vehicle speed SPD increases,
and controls the gear ratio v so as to conform to the target gear
ratio ytrg.

The present embodiment has the advantages described
below.

(1) The electronic controller 300 determines that the rota-
tion speed Nout of the secondary pulley 150 cannot be accu-
rately detected when the vehicle speed SPD is less than the
first reference vehicle speed S1. Based on this determination,
operational o1l 1s released from the o1l pressure chamber 131
of the primary pulley 130, and the gear ratio hold control for
holding the gear ratio v at the maximum gear ratio ymax 1s
started. As a result, when the rotation speed Nout of the
secondary pulley 150 cannot be accurately detected and the
vehicle speed 1s 1n the extremely low vehicle speed range 1n
which the actual gear ratio v cannot be accurately detected,
teedback control based on the calculated gear ratio vy 1s sus-
pended. The tension of the belt 140 widens the primary pulley
130 and holds the groove width to be maximal. Thus, the gear
ratio v 1s held at the maximum gear ratio ymax.

When the gear ratio hold control 1s started, operation o1l 1s
released from the o1l pressure chamber 131 of the primary
pulley 130. Then, when the vehicle speed SPD increases to
the second reference vehicle speed S2 or greater, the gear
ratio hold control 1s ended, and operational o1l 1s delivered to
the pressure chamber 131. Subsequently, as the vehicle speed
SPD further increases and becomes greater than or equal to
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the first reference vehicle speed S1, the varying of the gear
rat1o v 1s restarted by normal transmission control.

Thus, by determining that the vehicle speed SPD 1s increas-
ing toward the first reference vehicle speed S1 based on the
increase ol the vehicle speed SPD to the second reference
vehicle speed S2 or greater, the o1l pressure chamber 131 of
the primary pulley 130 may be filled with operational o1l
beforehand. As a result, when the vehicle speed SPD subse-
quently increases to the first reference vehicle speed S1 or
greater, and the secondary pulley rotation speed sensor 306 1s
able to accurately detect the rotation speed Nout of the sec-
ondary pulley 150, the primary pulley 130 has already been
filled with operational o1l. This allows for the varying of the
gear ratio v by the normal transmission control to be readily
restarted.

In other words, operational o1l 1s released from the o1l
pressure chamber 131 of the primary pulley 130 when 1n the
extremely low vehicle speed range to hold the gear ratio v at
the maximum gear ratio ymax. Further, when the vehicle
speed SPD increases such that the secondary pulley rotation
speed sensor 306 may accurately detect the rotation speed
Nout of the secondary pulley 150, the varying of the gear ratio
v may be readily restarted.

(2) In a state in which the brake 1s suddenly applied and the
vehicle 1s suddenly decelerated and stopped, the target gear
ratio ytrg 1s suddenly increased and set at the maximum gear
ratio ymax. Thus, when the target gear ratio ytrg 1s set at the
maximum gear ratio ymax and 1t 1s determined that the vehicle
speed SPD has decreased to less than the first reference
vehicle speed S1, the actual gear ratio vy may not yet have
increased to the maximum gear ratio ymax when the gear ratio
hold control 1s started based on the determination (time t12 in
FIG. §).

In a state in which the gear ratio v 1s deviated from the
maximuim gear ratio ymax, the target gear ratio ytrg may be set
at the maximum gear ratio ymax and it may be determined that
the vehicle speed SPD has decreased to less than the first
reference vehicle speed S1. In such a case, when operational
o1l 1s immediately released from the o1l pressure chamber 131
of the primary pulley 130 based on the determination, the
groove width of the primary pulley 130 suddenly increases.
This may cause slipping of the belt 140 on the pulleys 130 and
150. To solve this problem, 1n the above-discussed embodi-
ment, 1f the actual gear ratio v 1s not the maximum gear ratio
vmax when the gear ratio hold control is started, mstead of
releasing operational o1l from the o1l pressure chamber 131 of
the primary pulley 130 to adjust the gear ratio v to the maxi-
mum gear ratio ymax, the transmission control o1l pressure
Pin 1s decreased to the slipping limit o1l pressure Pslp. Such a
structure suppresses slipping of the belt 140 that would occur
when the groove width of the primary pulley 130 1s suddenly
increased, while decreasing the transmission control o1l pres-
sure Pin to maximize the gear ratio v.

The above-discussed embodiment may be modified as
described below.

In the above-discussed embodiment, the vehicle speed
SPD 1s calculated from the rotation speed Nout of the sec-
ondary pulley 150 detected by the secondary pulley rotation
speed sensor 306. However, the vehicle speed SPD may also
be calculated from the rotation speed of the wheels detected
by the wheel speed sensors 307.

When the vehicle speed SPD 1s less than the first reference
speed S1, the detection accuracy decreases in the secondary
pulley rotation sensor 306 and the wheel speed sensor 307.
Thus, the vehicle speed SPD may not be accurately detected.
Here, 1t 1s only necessary to determine that the vehicle speed
SPD 1s increasing to the first reference vehicle speed S1 based
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on an increase of the vehicle speed SPD), which 1s calculated
from the detection value of the secondary pulley rotation
speed sensor 306 or the wheel speed sensors 307, to the
second reference vehicle speed S2 or greater so that the o1l
pressure chamber 131 of the primary pulley 130 1s filled 1n
advance with operational o1l. Thus, when the vehicle speed
SPD 1s less than the first reference vehicle speed S1, even 1f
the detection accuracy of the secondary pulley rotation speed
sensor 306 or the vehicle wheel sensors 307 1s decreased and
the calculation accuracy of the vehicle speed SPD 1s
decreased, this would not be a significant problem.

DESCRIPTION OF THE REFERENC.
CHARACTERS

(1]

100 . . . continuously variable transmission, 110 . . . torque
converter, 120 . . . forward-reverse switching mechanism,
121 ... forward clutch, 122 ... reverse brake, 130 .. . primary
pulley, 131 . . . o1l chamber (first o1l chamber), 140 . . . belt,
150 . . . secondary pulley, 151 . . . o1l chamber (second o1l
chamber), 160 . . . reduction gear, 170 . . . differential,
200 . . . o1l pressure control unit, 300 . . . electronic controller
serving as controller, 301 . . . accelerator position sensor,
302 . .. airtlow meter, 303 . . . crank angle sensor, 304 . . .
turbine rotation speed sensor, 305 . . . primary pulley rotation
speed sensor, 306 . . . secondary pulley rotation speed sensor,
307 ... wheel speed sensor.

The mvention claimed 1s:

1. A controller for a vehicle continuously variable trans-
mission, the vehicle continuously variable transmission
including a primary pulley, which receives drive force from
an internal combustion engine, a secondary pulley, which 1s
coupled to a wheel, a belt, which runs around the pulleys to
transmit the drive force from the primary pulley to the sec-
ondary pulley, and a rotation speed sensor, which detects a
rotation speed of each of the pulleys, comprising:

a controller that executes transmission control to vary a
gear rat1o by varying a transmission control o1l pressure,
which 1s an o1l pressure of a first o1l pressure chamber
arranged 1n the primary pulley, and a narrowing control
o1l pressure, which 1s an oil pressure of a second o1l
pressure chamber arranged in the secondary pulley,
while calculating an actual gear ratio based on the rota-
tion speed of each pulley and executing feedback control
so that the actual gear ratio conforms to a target gear
ratio, wherein:

when the target gear ratio 1s set as a maximum gear ratio
and a vehicle speed 1s decreased to less than a first
reference vehicle speed, the controller suspends varying
of the gear ratio by the transmission control and starts a
gear ratio hold control that releases operational o1l from
the first o1l pressure chamber and holds the gear ratio at
the maximum gear ratio, and

the controller ends the gear ratio hold control and delivers
operational o1l to the first o1l pressure chamber when the
vehicle speed increases to a second reference vehicle
speed or greater, which 1s lower than the first reference
vehicle speed, and restarts the varying of the gear ratio
by the transmission control when the vehicle speed sub-
sequently 1ncreases to the first reference speed or
greater.

2. The controller according to claim 1, wherein

the controller releases operational o1l from the first o1l
pressure chamber if the actual gear ratio 1s the maximum
gear ratio when starting the gear ratio hold control and
holds the gear ratio at the maximum gear ratio, and
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the controller decreases the transmission control o1l pres-
sure to a shipping limit o1l pressure, which 1s the mini-

mum o1l pressure at which slipping of the belt does not
occur on the two pulleys, 11 the actual gear ratio has not
reached the maximum gear ratio when starting the gear 5
ratio hold control.

3. The controller according to claim 2, wherein the slipping
limait o1l pressure 1s calculated based on torque recerved from
the internal combustion engine and the narrowing control o1l
pressure.

14

4. The controller according to claim 1, wherein the vehicle
speed 1s calculated based on the rotation speed of the second-
ary pulley detected by the rotation speed sensor.

5. The controller according to claim 1, wherein the vehicle
speed 1s calculated based on a rotation speed of a wheel
detected by a wheel speed sensor.
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